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VOIDS IN THEORY

THE COSMIC WEB

64 Mpc/h
y/2din 8

Aragon-Calvo, Szalay (2013)
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DEFINITION OF VOIDS
Search for local minima in density field
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DEFINITION OF VOIDS
Search for local minima in density field

gt

"' "'
by b g

and raise a density threshold until a ridge is reached

Watershed algorithm, Platen et al. (2007)
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DEFINITION OF VOIDS

Define density field via Voronoi tessellation of tracer particles
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DEFINITION OF VOIDS

Define density field via Voronoi tessellation of tracer particles
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DEFINITION OF VOIDS

ZOBOV, N'eyrinck (2008)
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DEFINITION OF VOIDS

Neyrinck (2008) Sutter, Lavaux, Wandelt, Weinberg (2012)
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OBSERVED VOIDS (SDSS)
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VOID PROFILE

Estimate density and velocity profile by “stacking” tracer particles
around void centers

. 3 m,-(r,-)
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VOID PROFILE

Estimate density and velocity profile by “stacking” tracer particles
around void centers

B 3 m,-(r,-)
p(r) = 4z Z (r+4dr)® —(r—ér)3

i

EMPIRICAL BEST-FIT MODEL (4 PARAMETERS)
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VOID PROFILE

Estimate density and velocity profile by “stacking” tracer particles
around void centers

3 mj(r;)
N =22 > (r+6r8—(r—or)?

i

EMPIRICAL BEST-FIT MODEL (4 PARAMETERS)

vo(r) = —%%rm(r) . A(r) = E/O’ (pv(s) B 1) i

In General Relativity: f(z) = Q%%(2)
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VOID PROFILE: DENSITY
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VOID PROFILE: DENSITY
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VOID PROFILE: VELOCITY
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VOID PROFILE: VELOCITY

VOIDS IN SIMULATIONS

VOIDS IN OBSERVATIONS
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VOID PROFILE: VELOCITY

VOIDS IN OBSERVATIONS
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VOID PROFILE: PARAMETERS
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VOID PROFILE: PARAMETERS
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VOID PROFILE: GALAXIES VS. DARK MATTER

VOIDS IN THEORY
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VOID PROFILE: GALAXIES VS. DARK MATTER
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VOID PROFILE: GALAXIES VS. DARK MATTER

‘E_qa!—CD.-"‘I/‘ECD."II—CD."\I

b

3.0

25t

20t

— gal-CDM bias
—— gal mean slope Vg-CDM -

—_—

10° 10* 102

CCF: gal-CDM
CF: CDM

R [Mpe/h)

Pollina et al. 2016 (in prep.)



VOIDS IN OBSERVATIONS

VOIDS IN REDSHIFT SPACE

Peculiar motions of galaxies cause redshift-space distortions:

F= |'—|—VHH71(Z)

(1.00

= | to line of sight:
Pancakes of God from linear
growth

= | to line of sight:
Fingers of God from nonlinear
collapse

= Galaxy correlation function no
longer isotropic, what about
voids?

Melott et al. (1998)
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VOIDS IN REDSHIFT SPACE
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OUTLINE VOIDS IN THEORY VOIDS IN SIV

VOIDS IN REDSHIFT SPACE
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MODEL

Void-galaxy cross-correlation function in redshift space:

(o}

— 00

pv(r)
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MODEL

Void-galaxy cross-correlation function in redshift space:

(o}

1+£vg /P V r [1 —I—fvg( )] dSV— /P(v”,r) pv(r) dVH

— 00

Assume a Gaussian pairwise velocity distribution with mean vv(r)’—,”

(Vu = w(r) ”)2

P (VH’r) = 202(r)

exp | —

1
V2ray(r)
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MODEL

Void-galaxy cross-correlation function in redshift space:

(o}

1+£vg /P V r [1 —I—fvg( )] dSV— /P(v”,r) pv(r) dVH

— 00

Assume a Gaussian pairwise velocity distribution with mean vv(r)r—)‘

ny 2
P (o) = (- 03)
V) = ———&Xp | -
| V2ra,(r) P 20%(r)
and with velocity dispersion
r? r
o3(r) = of(n) 5 + o3 (N(1 - 3)

Assume:
o),.(r) = oy = const.
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VELOCITY DISPERSION
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VELOCITY DISPERSION
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VOIDS IN OBSERVATIONS

ALCOCK-PACZYNSKI TEST

Perform Alcock-Paczynski test to constrain cosmological parameters:

e Angular separation
o Radial separation

sr. = Da(z) 60
(5I’H = CH_1(Z) 0z

5r= D50

Observer

5r = (c/H)dz
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ALCOCK-PACZYNSKI TEST

Perform Alcock-Paczynski test to constrain cosmological parameters:

o Angular separation dr; = Da(z) 6©
o Radial separation éry=cH '(z) 6z

3r=D,00 5r = (c/H)dz

Observer

ANGULAR DIAMETER DISTANCE & HUBBLE RATE

Da(z)=c[f H'(2)dz’ , H(z)=Ho\/Qm(1 +2)%+Qn




VOIDS IN OBSERVATIONS

ALCOCK-PACZYNSKI TEST

Perform Alcock-Paczynski test to constrain cosmological parameters:

o Angular separation dr; = Da(z) 6©
o Radial separation éry=cH '(z) 6z

3r=D,00 5r = (c/H)dz

Observer

ANGULAR DIAMETER DISTANCE & HUBBLE RATE

Da(z)=c[f H'(2)dz’ , H(z)=Ho\/Qm(1 +2)%+Qn

Any deviation from the fiducial cosmology causes geometric
distortions. = Determine ellipticity & via
_on _ DEe(z)H™(2)
ST or. T Di(z)HR(z)
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RSD ANALYSIS: DENSE MOCK GALAXIES
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RSD ANALYSIS: DENSE MOCK GALAXIES
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RSD ANALYSIS: SDSS CMASS DR11 GALAXIES
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RSD ANALYSIS: SDSS CMASS DR11 GALAXIES

CONCLUSIONS

Covariance matrix Precision matrix
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RSD ANALYSIS: SDSS CMASS DR11 GALAXIES
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RSD ANALYSIS: SDSS CMASS DR11 GALAXIES
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RSD ANALYSIS: SDSS CMASS DR11 BOOTSTRAPS
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RSD ANALYSIS: SDSS CMASS DR11 MOCKS
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RSD ANALYSIS: SDSS CMASS DR11 MOCKS
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e Voids can be considered as a genuine cosmological probe!

e Void dynamics and void bias are well described by linear theory.

e The AP test yields a precision measurement of Q,, with ~ 10%
accuracy, even without including BAO scales.

e The AP parameter € can be measured with ~ 1% accuracy, a
severalfold improvement to traditional methods.

e The growth rate f/b can be determined with ~ 20% accuracy,
potentially even better (see arXiv:1603.05184).

e These constraints originate from the underdense universe at
small scales and are complementary to existing ones.

e This can help to test modified gravity theories in their unscreened
regime.

e Further improvements possible with SDSS DR12 CMASS &
LOWZ samples.

e Possibility to combine with void lensing (e.g. DES, see
arXiv:1605.03982) and void BAO (arXiv:1511.04405).
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RSD ANALYSIS: SDSS MAIN MOCKS
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ALCOCK-PACZYNSKI TEST
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